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Abstract
Purpose
1) To compare levels of emotional symptoms and health-related quality of life between
patients with heart failure and their family caregivers; and 2) to examine whether patients’
and caregivers’ emotional symptoms were associated with their own, as well as their part-
ner’s health-related quality of life.
Method
In this cross-sectional study, 41 patients-caregiver dyads (78% male patients, aged 68.6
years; and 83% female caregivers, aged 65.8 years) completed all nine dimensions of the
Brief Symptom Inventory and the Minnesota Living with Heart failure Questionnaire. Dyadic
data were analysed for 6 sub-scales of the Brief Symptom Inventory, using the Actor–Part-
ner Interdependence Model.
Results
There were no statistically significant differences in emotional symptoms and health-related
quality of life between patients with heart failure and their caregivers. Patients’ and caregiv-
ers’ emotional symptoms were associated with their own health-related quality of life. Care-
givers’ anxiety, phobic anxiety, obsession-compulsion, depression and hostility negatively
influenced their partner’s (i.e. the patient’s) health-related quality of life. There were no
PLOS ONE | https://doi.org/10.1371/journal.pone.0227129 January 8, 2020 1 / 18
a1111111111
a1111111111
a1111111111
a1111111111
a1111111111
OPEN ACCESS
Citation: Thomson P, Howie K, Leslie SJ, Angus
NJ, Andreis F, Thomson R, et al. (2020) Evaluating
emotional distress and health-related quality of life
in patients with heart failure and their family
caregivers: Testing dyadic dynamics using the
Actor-Partner Interdependence Model. PLoS ONE
15(1): e0227129. https://doi.org/10.1371/journal.
pone.0227129
Editor: Angel Blanch, University of Lleida, SPAIN
Received: June 21, 2019
Accepted: December 12, 2019
Published: January 8, 2020
Copyright: © 2020 Thomson et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.
Data Availability Statement: All relevant data are
within the manuscript and its Supporting
Information files
Funding: PT SL 13/NS/0013 Chest Heart and
Stroke Scotland (Minor Grant Award) The funders
had no role in study design, data collection and
analysis, decision to publish or preparation of the
manuscript
Competing interests: No authors have competing
interests.
partner effects of patients’ emotional symptoms on the health-related quality of life of
caregivers.
Conclusions
The results of this study suggest that patients may be particularly vulnerable to the emo-
tional distress, i.e. thoughts, impulses and actions of their caregivers. It may be possible to
improve patients’ health-related quality of life by targeting specific detrimental emotional
symptoms of caregivers.
1. Introduction
Heart failure is a progressive condition characterized by frequent hospitalisations and signifi-
cant morbidity and mortality [1–3]. Heart failure has a prevalence of 1–2% in developed coun-
tries which increases with age [3]. Patients with heart failure report psychological distress and
reduced quality of life (QoL) [4–6], related to symptom burden, episodes of decompensation
and prolonged hospital admissions [7–8]. Patient anxiety and depression are common psycho-
logical problems in heart failure [9–10], with anxiety prevalence ranging from 6% to 72% [11],
and depression prevalence ranging from 9% to 60% [12]. Greater psychological distress has
been reported to be associated with poor health outcomes and poor self-care in patients with
heart failure [13–18].
Caregivers’ health and emotional well-being can be negatively affected when patients have
heart failure [13,19–24]. When caregivers are over-burdened or depressed, patients have more
than a two times increased risk of hospitalization and mortality [25]. Higher caregiver strain is
associated with greater patient symptoms and lower patient QoL [25–27]. Being supported by
a caregiver is important and can improve patient outcomes, including their ability to perform
self-care [13,20,28–30]. It is therefore essential to recognise emotional distress in caregivers
and to offer appropriate support [20,21,26].
Caregivers of patients with depressive symptoms have higher levels of caregiver burden and
report worse mental-health related QoL [23]. Caregiver burden may also negatively influence
the patient and caregiver relationship [13,31], as a consequence of poor communication, caus-
ing tensions and distress among couples [32–34]. Good relationship quality has been shown to
be positively associated with caregiver benefit and negatively associated with caregiver burden
[31,35]. Although research has examined patient and caregiver relationships in heart failure
[13,34], and health-related QoL in patient-caregiver dyads [13,19,28,30], relatively few studies
have examined emotional symptoms and health-related QoL in heart failure patient and care-
giver dyads [14,19,36]. Only one study was found that examined anxiety and depression in
patient-caregiver dyads, using dyadic regression to determine how one person’s emotional
symptoms impact on their own and their partners health-related QoL [37].
Similar to Chung et al. [37], depressive symptoms and anxiety were assessed using the BSI
and health-related QoL was assessed using the MLHFQ, and dyadic data were analysed using
the APIM with distinguishable dyad regression. Our research differed from the US study by
Chung et al. [37] in that we recruited a UK sample of heart failure patients and their caregivers
and we examined other emotional symptoms, in addition to depression and anxiety. This
study extends the body of knowledge on the actor and partner effects of emotional symptoms
on health-related QoL of heart failure patient-caregiver dyads, using the APIM. Previous
research has mostly involved a single assessment of either patient or caregiver outcomes
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[4,8,10,11,14,19,21,26,38,39]. Such an individualized approach ignores the interdependency of
beliefs or behaviours within the patient and caregiver relationship [40].
Because both patients and caregivers are affected by the patients’ health status, interactions
in patient-caregiver dyads are inevitable. The relationship between patient and caregiver is
non-independent. The Actor-Partner Interdependence Model (APIM), based on Interdepen-
dence theory, allows investigators to examine the inter-relatedness of variables in dyads [41]. It
provides insights into dyadic interactions by taking both the individual and caregiver contri-
bution into account in a single regression model. In the APIM, the association between a pre-
dictor (independent variable) and outcome (dependent variable) for members of a dyad is
composed of two distinct parts: the actor effect is the impact of a person’s own predictor vari-
able on his or her outcome. The partner effect is the impact of a person’s predictor variable on
his/her dyadic partner’s outcome [41–43]. This study aimed: 1) to compare levels of emotional
symptoms and health-related QoL between patients with heart failure and their family caregiv-
ers; and 2) to examine whether patients’ and caregivers’ emotional symptoms were associated
with their own, as well as their caregiver’s health-related QoL. Based on previous literature we
hypothesise that caregivers would have worse health-related QoL compared to patients [36,
37], and greater emotional distress [21, 37]. Also, that caregivers’ emotional symptoms would
impact on their own, and their partner’s (i.e. the patient’s) health-related QoL.
2. Method
2.1 Study design
This was a cross-sectional study of patients with heart failure and their family caregivers
recruited from two community-based heart failure services in Scotland.
2.2. Setting and participants
Data were collected using a convenience sampling method between 2014 and 2015. Eligible
patients were aged 40 years or over. The patients had a confirmed medical diagnosis of chronic
heart failure for at least 3 months and they were stable (i.e. outpatients), on stable doses of
heart failure medication. Spouses and partners (hereafter referred to as family caregivers or
caregivers) were recruited providing they lived in the same household as the patient and were
identified by them as their primary carer. Both patients and caregivers were excluded if there
were any major co-morbidities, such as stroke or cancer, or psychological or communication
limitations likely to affect their ability to consent.
2.3 Ethical considerations
This study was approved by the University of Stirling Ethics and Research Committee and the
National Research and Ethics Committee (NRES), North of Scotland (Rec ref 13/NS/0013
(IRAS project ID: 118000).
2.4 Procedure
Patients and their caregivers were recruited on their visit to the heart failure clinic. Study infor-
mation and consent forms were distributed by the heart failure nurse specialists, in accordance
with the inclusion and exclusion criteria. The patient-caregiver pairs (i.e. dyads) were
informed of the aims of the study and of the right to withdraw from participation, and they
were assured of confidentiality and anonymity. After receipt of the signed consent forms the
researcher posted questionnaire packs to the participant’s home address or provided a link to
the Bristol on-line survey for completion, depending on their preference. The dyads were
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asked to complete the questionnaires without discussing answers with each other. Completed
questionnaires were returned to the researcher by post or email. A reminder letter was sent
after 2 weeks.
2.5 Instruments
Brief symptom inventory. Emotional symptoms were assessed using the 53-item Brief
Symptom Inventory (BSI) [44]. This self-administered tool assesses psychological distress with
respect to nine primary symptom dimensions: somatisation (i.e., greater distress arising from
perspectives of bodily dysfunction, 7 items); obsession-compulsion (i.e., thoughts, impulses
and actions that are unremitting and irresistible, 6 items); interpersonal sensitivity (i.e., self-
depreciation, self-doubt, discomfort during interpersonal interactions, 4 items); depression
(i.e., dysphoric mood and affect, 6 items); anxiety (i.e., feelings of apprehension and panic, 6
items); hostility (i.e., negative affect state of anger, 5 items); phobic anxiety (i.e., persistent fear
response, 5 items); paranoid ideation (i.e., projective thoughts, hostility, suspiciousness, 5
items); and psychoticism (i.e., withdrawal, interpersonal alienation and psychosis, 5 items).
Four additional items (i.e., poor appetite, trouble falling asleep, thoughts of death or dying,
and feelings of guilt) were not used in the study because they ‘load on several dimensions of
the BSI but are not univocal to any of them; they are not scored collectively and do not form a
dimension’ [45, p.10]. All items on the BSI were rated on a 5-point Likert scale ranging from 0
(not at all) to 4 (extremely). For each dimension, the scores were summed and means obtained.
Higher scores indicate higher levels of emotional distress. Raw scores were converted to stan-
dardized T scores for comparison with healthy populations [45].
Construct validity of the 9 factor structure BSI has been reported in research [45–51], across
different populations. Although Derogatis and Melisaratos [52] proposed the 9 factors, they
acknowledge there were minor differences between the empirical factor structure and those
hypothesised, although there was more agreement than disagreement between the two. Other
studies have reported varying numbers of BSI factor structures, ranging from 1 to 8 factors
[53–56].
Cardiovascular studies have used the BSI [57,58], but limited or no information has been
provided on psychometric testing. Kushner et al. [59] used discriminant function analysis in a
study of panic disorders in cardiology patients that revealed 1 item, i.e. anxiety. Khalil et al.
[60] identified 2 BSI factors (depression and anxiety) in patients with heart failure and normal
renal function. A valid 3 factor BSI sub-scale was identified by Roser [61] in a study examining
the biobehavioral influences of anxiety, depression and hostility on health-related outcomes in
patients with heart failure. Other cardiovascular studies have employed 1 or 2 BSI factors (anx-
iety, depression) with patients [62–67], and with patients and/or caregivers [68–70], but con-
struct validity was not tested.
Heart failure studies have reported Cronbach’s alpha for BSI anxiety that range from 0.74 to
0.86 for patients [6, 10, 21, 37], and 0.87 for spouses [37]. Cronbach’s alpha for BSI depression
have been reported as 0.92 for patients and 0.83 for spouses [37]. In this study Cronbach’s
alpha for the 9 BSI sub-scales ranged from 0.72 to 0.91 for patients and from 0.65 to 0.94 for
caregivers. Table 1 shows comparison of the Cronbach’s alpha with those of Derogatis and
Melisaratos [52] in their introductory report for the BSI [44].
Minnesota living with heart failure. The 21-item self-administered Minnesota Living
with Heart Failure Questionnaire (MLHFQ) [71,72], was used to assess patients’ and caregiv-
ers’ health-related QoL, defined as individual’s perceptions of the effects of heart failure and its
treatment on their daily lives [73]. Specifically, the MLHFQ measures the effects of symptoms,
functional limitations and psychological reactions commonly associated with heart failure or
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its treatment on the individual’s QoL [74]. Respondents rated items on a six-point Likert scale
from 0 (no effect) to 5 (very much), which were summed to obtain a total score ranging from 0
to 105, with higher scores indicating poorer health-related QoL. The unidimensionality of the
MLHFQ (total score) has been supported in research [75], and internal reliability in studies of
heart failure patients [36,38,39,71,76–79], and patient-caregiver dyads [37].
Slight modification was made to the MLHFQ to fit the context relevant to caregivers [37].
This involved rewording of the introduction for caregivers to indicate to them how to answer
the questions appropriately for themselves and not the patient. Another two items were modi-
fied to fit in caregiver’s view; item 16 ‘giving you side effects from medications?’ was replaced
with ‘giving you less time to take care of your own physical health?’ and Item 17 ‘making you
feel you are a burden to your family or friends?’ was replaced to ‘feeling burdened by your fam-
ily member?’ In previous studies, the internal consistency of the MLHFQ has been demon-
strated with Cronbach’s alpha of 0.93 for patients and 0.95 for caregivers [37]. In the present
study, the Cronbach’s alpha was 0.94 for patients and 0.96 for caregivers.
Sociodemographic and clinical characteristics. Data on age, gender, employment status
and education were collected by questionnaire. Occupation was identified in accordance with
the National Statistics Office [79]. Social deprivation was identified using an index that takes
account of income and residential postcode [80], with categories ranging from 1 (most afflu-
ent) to 7 (most deprived). Left ventricular ejection fraction (LVEF), aetiology, co-morbidity,
i.e. hypertension, diabetes, depression and current medications use were identified from
patients’ clinical records.
2.6 Statistical analysis
Comparison of socio-demographics, emotional symptoms and health-related QoL between
patients and caregivers were computed using paired sample t-tests, or chi-square statistics.
Spearman’s Rank correlation coefficient was used to identify the relationship between each of
the 9 BSI dimensions and health-related QoL. When the BSI items were very strongly inter-
correlated with each other (i.e. > 0.8) they were omitted from further (i.e. dyadic) analysis as
they were deemed to be too closely related constructs. The Actor-Partner Interdependence
Model (APIM) regression for distinguishable dyads was used to examine the impact of
patients’ and caregivers’ emotional symptoms (independent variables) on their own, as well as
their partner’s health-related QoL (dependent variable) [41,43]. The actor effect is the effect of
an individual’s characteristics (i.e., emotional symptoms) on their own health-related QoL.
The partner effect refers to the effect of an individual’s characteristics (i.e., emotional
Table 1. Comparison of internal consistencies for the 9 symptom dimensions of the BSI.
No of items Study Patients (N = 41) Study Caregivers (N = 41) Derogatis & Melisaratos 1983 (N = 719)
Internal consistency (α)
Symptom dimension
Somatisation 7 0.83 0.85 0.68
Obsession-compulsion 6 0.90 0.94 0.85
Interpersonal sensitivity 4 0.82 0.79 0.85
Depression 6 0.89 0.93 0.84
Anxiety 6 0.90 0.91 0.79
Hostility 5 0.79 0.65 0.81
Phobic anxiety 5 0.91 0.82 0.91
Paranoid ideation 5 0.72 0.65 0.79
Psychoticism 5 0.72 0.86 0.78
https://doi.org/10.1371/journal.pone.0227129.t001
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symptoms) on their partner’s health-related QoL [41–42]. We used the online app developed
by Stas et al. [81], ‘which automatically performs the statistical analyses associated with the
APIM, using lavaan. Because structural equation model (SEM) techniques are used to fit the
APIM, the app is called APIM_SEM’ [p.103].
Separate APIM models were computed; health-related QoL was regressed for each of the
dimensions of the BSI, as appropriate; with p< 0.05 indicating statistical significance.
3. Results
3.1 Characteristics of the participants
Out of the 53 patients who consented to participate in the study on their visit to the heart fail-
ure clinic, 6 were eliminated because they did not have a caregiver, or the caregiver did not
consent to participate in the study. Six patient-caregiver dyads consented to participate but
failed to return the questionnaires. The data analysis was based on 41 patient-caregiver dyads.
The socio-demographics, clinical history, emotional symptoms and health-related QoL of the
participants are presented in Table 2. Most patients were men (78%) and most caregivers were
women (83%), which is often typical in studies of patients and caregivers [82]. Patients mean
age was 68.6 years (SD = 10.8) and caregivers mean age was 65.8 years (SD = 10.6). Half of the
patients were in NYHA class I or II; and 66% had a left ventricular ejection fraction of less
than 29%. Only 12% of patients were on antidepressants.
Twenty patients (49%) and 6 caregivers (15%) completed the Bristol on-line survey and
5 patients (12%) and 10 caregivers (24%) completed paper copies of the questionnaires.
The instructions/stems included in the questionnaires were replicated at the start of the
on-line survey. Our brief evaluation of the on-line survey (five open questions) suggested
that it was clear and easy to use and the content clear. The participants who opted to com-
plete the paper copies of the questionnaires had ‘none’ or ‘very limited’ computer and
internet skills.
3.2 Comparisons of emotional symptoms and health-related quality of life
between patients and caregivers
There were no statistically significant differences between the patients’ and caregivers’ emo-
tional symptoms, except for somatisation (Table 3). Patients had higher scores for somatiza-
tion (1.02 vs. 0.56, p = 0.017), indicating their greater distress arising from perspectives of
bodily dysfunction. Health-related QoL were not statistically significantly different between
the patients and caregivers (38.27 vs 30.34, p = 0.1) (Table 3).
3.3 Correlations among the BSI dimensions and health-related quality of
life
Table 4 shows the relationship between each of the 9 BSI dimensions and health-related QoL.
Patient hostility was moderately negatively correlated with their own health-related QoL. Sev-
eral caregivers’ emotional symptoms were weakly positively correlated with the patients’
health-related QoL. Caregivers’ health-related QoL was moderately positively correlated with
several of their own BSI dimensions. Somatisation, interpersonal sensitivity and psychoticism
were very strongly intercorrelated (i.e.> 0.8) with other BSI items, indicating they were closely
related constructs. Table 4 shows additional information on the intercorrelations between the
variables.
Emotional distress in patients with heart failure and their family caregivers
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3.4 Impact of emotional distress on health-related quality of life
Based on the results of the correlations dyadic analysis using the APIM was conducted for 6
emotional symptom dimensions (i.e. obsession-compulsion, depression, anxiety, hostility,
Table 2. Patients and family caregivers characteristics (n = 41).
Characteristics Patients Caregivers p
Age in years (median, range) 70.0 (40–86) 66.0 (43–84) 0.063
Males 32 (78%) 7 (12%) 0.327
Employment
Employed 10 (24.4%) 13 (31.7%)
Unemployed or retired 31 (75.6%) 28 (68.3%) 0.005�
Education in years (median, range) 13.0 (5–20) 11.00 (5–24) 0.494
Social deprivation (SIMD)
SIMD 1–2 8 (23%) - -
SIMD 3–5 27 (77%) - -
Left ventricular ejection fraction
> 50% 5 (12.2%) - -
30–49% (moderate impairment) 9 (22.0%) - -
< 29% (severe impairment) 27 (65.8%) - -
New York Heart Association (NYHA)
Class 1/11 20 (48.8%) - -
Class 111/1V 18 (43.9%) - -
Missing 3 (7.3%) - -
Aetiology
Ischaemic 12 (29.3%) - -
Idiopathic 2 (4.9%) - -
Hypertension 5 (12.2%) - -
Other /missing 22 (53.6%) - -
History of hypertension 11 (26.8%) - -
History of diabetes mellitus 3 (7.3%) - -
Medications
ACE 24 (58.5%) - -
Beta blocker 30 (73.1%) - -
Diuretics 25 (61.9%) - -
Antidepressants 5 (12.1%) - -
Brief Symptom Inventory
Somatization, 1.02 (0.7) 0.56 (0.8) 0.017�
Obsession-compulsion 1.02 (0.9) 0.89 (1.0) 0.583
Interpersonal sensitivity 0.51 (0.7) 0.40 (0.6) 0.506
Depression 0.62 (0.8) 0.53 (0.8) 0.597
Anxiety 0.66 (0.8) 0.65 (0.9) 0.987
Hostility 0.44 (0.5) 0.44 (0.5) 0.981
Phobic anxiety 0.64 (0.9) 0.34 (0.6) 0.103
Paranoid ideation 0.33 (0.6) 0.35 (0.5) 0.877
Psychoticism 0.39 (0.6) 0.31 (0.6) 0.522
MLHFQ
Total score 38.27 (22.9) 30.34 (25.0) 0.100
SIMD, Scottish Index of Multiple Deprivation; ACE, angiotensin converting enzyme inhibitor; MLHFQ, Minnesota Living with Heart Failure Questionnaire; p < 0.05�
https://doi.org/10.1371/journal.pone.0227129.t002
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phobic anxiety and paranoid ideation) and health-related QoL. Somatisation, interpersonal
sensitivity and psychoticism they were omitted from the dyadic analysis as they were very
strongly intercorrelated with other BSI items (Table 5). The results for the 6 emotional distress
dimensions (BSI) and health-related QoL are presented in Table 5.
Table 3. Patients and caregivers’ emotional symptoms and health-related QoL (n = 41 dyads).
Characteristics Patients Caregivers
Means (SD) Paired t test p
Somatization, BSI 1.02 (0.7) 0.56 (0.8) 2.49 0.017�
Obsession-compulsion, BSI 1.02 (0.9) 0.89 (1.0) 0.55 0.583
Interpersonal sensitivity, BSI 0.51 (0.7) 0.40 (0.6) 0.67 0.506
Depression, BSI 0.62 (0.8) 0.53 (0.8) 0.53 0.597
Anxiety, BSI 0.66 (0.8) 0.65 (0.9) 0.02 0.987
Hostility, BSI 0.44 (0.5) 0.44 (0.5) -0.02 0.981
Phobic anxiety, BSI 0.64 (0.9) 0.34 (0.6) 1.67 0.103
Paranoid ideation, BSI 0.33 (0.6) 0.35 (0.5) -0.16 0.877
Psychoticism, BSI 0.39 (0.6) 0.31 (0.6) 0.65 0.522
HQoL, MLHFQ 38.27 (22.9) 30.34 (25.0) 1.68 0.100
BSI, Brief Symptom Inventory; HQoL, health-related quality of life; MLHFQ, Minnesota Living with Heart Failure Questionnaire
�p < 0.05
https://doi.org/10.1371/journal.pone.0227129.t003
Table 4. Correlations coefficients among British Symptom Inventory dimensions and quality of life (n = 41 dyads).
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Patients
1. QoL 1
2. SOM -.21 1
3. OC -.29 .83�� 1
4. IS -.22 .63�� .70�� 1
5. DEP -.21 .59�� .62�� .86�� 1
6. ANX -.21 .77�� .75�� .77�� .78�� 1
7. HOS -42�� .53�� .66�� .66�� .64�� .67�� 1
8. PHOB -.21 .63�� .72�� .73�� .65�� .68�� .51�� 1
9. PAR -.20 .46�� .59�� .70�� .67�� .58�� .61�� .46�� 1
10. PSY -.13 .58�� .75�� .81�� .82�� .68�� .60�� .69�� .72�� 1
Caregivers
11. QoL .26 -.25 -.20 -.12 -.14 -.26 -.14 -.32� -.08 .02 1
12.SOM .21 -.22 -.18 -.05 -.11 -.22 -.12 -.20 -.19 -.01 .58� 1
13. OC .37� -.20 -.18 -.06 -.07 -.12 -.06 -.23 .02 .01 .70�� .69�� 1
14. IS .29 -.18 -.16 -.24 -.15 -.25 -.08 -.16 -.23 .01 .51�� .68�� .51� 1
15. DEP .31� -.04 -.05 .02 .01 -.06 -.14 -.16 .01 .11 .71�� .76�� .71�� .62�� 1
16. ANX .40�� -.12 -.14 -.05 .10 -.03 -.05 .25 .04 .12 .74�� .69�� .79�� .54�� .78�� 1
17. HOS .31� -.24 -.21 -.18 -.02 -.18 -.2 -.26 .03 -.03 .76�� .40�� .69�� .44�� .61�� .71�� 1
18.PHOB .37� .08 .08 .12 .17 .02 .09 -.1 .15 .27 .47�� .64�� .58�� .59�� .71�� .73�� .40�� 1
19. PAR .14 -.16 -.06 -.17 -.04 -.27 -.11 -.21 -.02 .12 .62�� .50�� .58�� .66�� .63�� .57�� .61�� .47�� 1
20. PSY .18 -.04 .03 -.01 0.10 -.09 .06 -.15 .22 .29 .56�� .47�� .74�� .53�� .61�� .60�� .57�� .60�� .71�� 1
QoL, quality of life; SOM, somatization; OC, obsessive-compulsive; IS, interpersonal sensitivity; DEP, depression; ANX, anxiety; HOS, hostility; PHOB, phobic anxiety;
PAR, paranoid ideation; PSY, psychoticism
�� p < .001
�p < .005
https://doi.org/10.1371/journal.pone.0227129.t004
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Among the 6 emotional symptoms, there were 5 statistically significant actor effects of emo-
tional symptoms on health-related QoL of patients, indicating those who reported higher levels
of emotional distress (anxiety, phobic anxiety, paranoid ideation, obsession-compulsion and
depression) had poorer health-related QoL (higher scores on the MLHFQ indicate worse
health-related QoL). For caregivers, among the 6 emotional symptoms, there were statistically
significant actor effects of all emotional symptoms on health-related QoL, indicating caregivers
who reported higher levels of emotional distress (anxiety, phobic anxiety, paranoid ideation,
obsession-compulsion, depression and hostility) had poorer health-related QoL.
There were statistically significant partner effects of caregivers’ emotional symptoms on the
health related QoL of patients (Table 5). In contrast, there were no statistically significant part-
ner effects of patients’ emotional symptoms on the health-related QoL of caregivers, although
there was a trend for hostility (p = 0.051). This indicated that patient’s greater hostility (i.e.,
negative affect state of anger) may negatively influence the caregiver’s health-related Qol.
Among caregivers’ emotional symptoms, there were 5 statistically significant partner effects.
The caregiver’s anxiety, phobic anxiety, obsession-compulsion, depression and hostility nega-
tively influenced their partner’s (i.e. patient’s) health-related Qol. Caregivers’ higher levels of
these emotional symptoms were associated with the patients’ poorer health-related QoL. Fig 1
presents the APIM model results showing the actor effects of patients’ anxiety and caregivers’
anxiety on their own health-related QoL, and a partner effect of caregiver’s anxiety on the
health-related Qol of the patient.
4. Discussion
This is the first study to apply a different analysis method with the aim of understanding rela-
tionships between patient and caregiver symptoms of psychopathology and distress.
Table 5. Actor and partner effects of emotional symptoms on health-related QoL using the APIM.
Emotional symptoms (BSI) Patients Caregivers
Beta t p Beta t p
Anxiety
Actor effect 9.657 3.53 0.006 20.300 2.90 <0.001
Partner effect 3.162 3.16 0.317 11.532 3.25 <0.001
Phobic anxiety
Actor effect 6.892 3.18 0.030 21.047 5.59 <0.001
Partner effect 1.327 3.48 0.703 14.271 5.10 0.005
Paranoid ideation
Actor effect 16.303 5.55 0.003 21.362 5.15 <0.001
Partner effect 4.855 5.70 0.394 7.220 5.02 0.150
Obsession-compulsion
Actor effect 9.008 3.01 0.003 13.426 3.09 <0.001
Partner effect 0.006 3.82 0.999 11.272 2.57 <0.001
Depression
Actor effect 9.936 3.87 0.010 20.577 3.65 <0.001
Partner effect 2.160 3.64 0.553 9.081 3.88 0.019
Hostility
Actor effect 10.927 6.08 0.072 34.518 4.78 <0.001
Partner effect 9.126 4.67 0.051 13.251 6.22 0.033
APIM, Actor Partner Interdependence Model; BSI, Brief Symptom Inventory Model–fitted using APIM: Distinguishable Dyads Using lavaan [Stas et al 2018].
https://doi.org/10.1371/journal.pone.0227129.t005
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Similar to Chung et al. [37], depressive symptoms and anxiety were assessed using the BSI
and health-related QoL was assessed using the MLHFQ. In the same way, dyadic data were
analysed using the APIM, with distinguishable dyad regression. Our research differed from
the US study by Chung et al. [37], in that we recruited a UK sample of heart failure patients
and their caregivers and we examined additional emotional symptoms besides depression and
anxiety. This study extends the body of knowledge on the actor and partner effects of emotional
symptoms on health-related QoL of heart failure patient-caregiver dyads, using the APIM. Pre-
vious research into emotional symptoms and health-related QoL have often been examined in
patients and caregivers separately [63,83], or investigators have used a different type of statisti-
cal analysis in examining the patient-caregiver dyads [14,19,36]. Both patients with heart fail-
ure and their caregivers experienced substantial emotional distress. This high prevalence of
emotional distress is consistent with other studies’ findings [4,5,9,10,19]. Analysis of all 9 BSI
sub-scales revealed the patients’ and caregivers’ scores were not statistically significantly differ-
ent, except for somatisation (i.e., greater distress arising from perspectives of bodily dysfunc-
tion), which was not unexpectedly higher in patients. This finding is consistent with earlier
studies that found patient and caregiver congruence in mental health and wellbeing [34,84,85].
Compared to previous research [46,47], the patients’ somatisation and obsession-compulsion
scores were high, indicating greater emotional distress arising from perspectives of bodily dys-
function, and thoughts, impulses and actions that were unremitting and irresistible. The other
sub-dimensions of the BSI also scored highly when compared to British community norms
[46,47], and US individuals (non-patients) [45].
Both patients with heart failure and their caregivers experienced similar levels of depressive
symptoms and anxiety, which is comparable with other studies findings [4,8,11,12,19,37,
63,86]. Our results differ from some prior research [87], but concur with a previous study find-
ing that suggest both patients and caregivers have similar depressive symptoms [88]. Our
patients’ anxiety scores were lower than those found in previous studies [4,10,11,63], but care-
givers’ anxiety scores were higher [21,37]. With respect to prevalence figures, 20 patients
Fig 1. Results for the actor and partner effects of patient’s anxiety and caregiver’s anxiety on health-related quality
of life using the MLHFQ, Minnesota Living with Heart Failure Questionnaire; BSI, Brief Symptom Inventory;
APIM: Actor-Partner Interdependence Model. � p< .05; �� p< .01; ��� p< .001.
https://doi.org/10.1371/journal.pone.0227129.g001
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(48.7%) in this study reported depressive symptoms and 16 patients (39.0%) experienced anxi-
ety. It is difficult to compare these figures because those cited in the literature are wide ranging.
For example, Rutledge et al. [12] identify patient depression prevalence figures as ranging
from 9% to 60%, and Easton et al (11] report anxiety prevalence figures ranging from 6.3% to
72.3%.
It is also known that 23 to 47% of caregivers of patients with heart failure experience mild
to moderate depressive symptoms [87,88], and 45% of caregivers of patients with end-stage
heart failure had depression, and as many as 50% of caregivers are anxious [73]. Our findings
are consistent with previous research in identifying a significant a number of caregivers of
heart failure patients experience depressive symptoms i.e. 17 (41.4%) caregivers had depres-
sion and 17 (41.4%) caregivers had anxiety levels that exceed those reported in healthy popula-
tions [44,45].
Overall, the non-significant results for differences in depressive symptoms and anxiety
between the patients and caregivers suggest the emotional aspects of dealing with heart failure
may affect the caregivers as much as their partners who have the illness [37]. One explanation
for this similarity may lie with its links to the theory of emotional contagion which suggests
that emotions are easily transferred to another person when two individuals are in an intimate
interpersonal relationship [89,90].
We found that patients with heart failure and their caregivers’ health-related QoL
(MLHFQ) scores were not statistically significantly different. The results for patients are con-
sistent with prior research [37,38], but contrary to some other studies that found higher scores
on the MLHFQ [4,36,39], indicating poorer health-related QoL. Our caregivers scores were
low compared to prior research [13,36], indicating better health-related QoL. Overall, our
results are in broad agreement with Chung et al. [37], revealing poorer health-related QoL in
both patients and caregivers. To date, few studies have reported on caregivers’ health-related
QoL, as measured by the MLHFQ.
In this dyadic analysis, the patients’ and caregivers’ emotional symptoms mostly influenced
their own health-related QoL (i.e. actor effects). Our findings are consistent with Chung et al.
[37] who found that depressive symptoms and anxiety exhibited both patient and caregiver
actor effects on health-related QoL. Other studies have identified that patients’ emotional
symptoms were related to their own poorer health-related QoL [6,10,19,38]. Similarly, caregiv-
ers’ emotional symptoms have been linked to their poorer health outcomes [13,19,21,24,
87,91].
In addition, the dyadic analysis revealed important partner effects of emotional symptoms
on the health-related QoL of patients. The caregiver’s anxiety, phobic anxiety, obsession-com-
pulsion, depression and hostility negatively influenced their partner’s (i.e. the patient’s) health-
related Qol. Our findings are consistent with Chung et al. [37] who identified that caregiver’s
anxiety and depression had a partner effect on the patient’s health-related QoL, influencing it
in a negative way. No previous APIM studies were identified for comparison of the results for
phobic anxiety, obsession-compulsion and hostility. Previous research has highlighted that
higher caregiver strain is associated with greater patient symptoms and lower patient QoL
[25–27]. Other studies have found that if the caregiver is emotionally distressed this can affect
their ability to support the patient [21,32,87,88], including their ability to perform self-care
[13,20,29]. Further, Retrum et al. [34] identified that much of the tension and distress among
dyads relates to conflicting views about how emotions should be dealt with or expressed. Sev-
eral studies have reported on the health consequences of partner distress in coping with heart
failure [21,22,24,92]. With respect to paranoid ideation there was no statistically significant
dyadic effect i.e. the caregiver’s paranoid ideation did not impact their partner’s (i.e. the
patient’s) health-related QoL. Possible explanations for this may be that paranoid ideation (i.e.
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projective thoughts, hostility, suspiciousness) is more to do with the patient themselves and
reflective of more malignant emotional symptoms. Caregivers may be less likely to experience
this emotional symptom and so not exhibit a partner effect on the health-related QoL of
patients.
The dyadic analysis revealed no statistically significant partner effects of the patient’s emo-
tional symptoms on the health-related QoL of caregivers. Patient’s emotional symptoms did
not appear to significantly influence their partner’s (i.e. caregiver’s) health-related QoL. Our
findings are consistent with Chung et al. [37] who found patients’ depressive symptoms and
anxiety did not impact caregivers’ health-related QoL. There was a trend in the study for
patient’s greater hostility (i.e., negative affect state of anger) to negatively influence the caregiv-
er’s health-related QoL. No dyadic studies were found for comparison of our result although
Moser et al. [83], identified that most patients with heart disease, including those with heart
failure have depressive symptoms and that about 40% of these experience anxiety; and hostility
was apparent in about half of these patients.
In summary, this study found the substantial impact of caregivers’ emotional symptoms
such as anxiety, phobic anxiety, obsession-compulsion, depression and hostility on the health-
related QoL of patients. This suggests that patients may be particularly vulnerable to the emo-
tional distress i.e. thoughts, impulses and actions of their caregivers. This study extends previ-
ous research by demonstrating the effects of other caregivers’ emotional symptoms (apart
from anxiety, depression and hostility) on the health-related QoL of patients with heart failure
[37,87,88,91]. However, no relationship effect of emotional symptoms (i.e. from patient to
caregiver) was apparent. The emotional symptoms were examined using an appropriate
method of analysis that recognises the non-independence of patient and caregiver data.
5. Study limitations
There were limitations to this study. Firstly, this was a relatively small sample of patients and
caregivers recruited from two centres. We have no information on the response rate, which
could give rise to selection bias. Nevertheless, the study aimed to be representative of the wider
UK heart failure population as patients were selected from a standard heart failure nurse led
service. Study information and consent forms were distributed by the heart failure specialists
in accordance with the inclusion and exclusion criteria. Although the average age of partici-
pants was lower than one might expect, older patients were less likely to have a dyadic care-
giver. Secondly, length of marriage or cohabitation and marital quality of the respondents
were not known and knowledge of these could be used to improve the model. Finally, the data
were cross-sectional which meant that the direction of causality of associations could not be
determined.
6. Implications for practice
There are several implications resulting from the findings of this study. Firstly, to improve
heart failure patients’ health-related QoL emotional symptoms should be routinely assessed in
both patients and caregivers. Secondly, it is important to decipher which emotional symptoms
have more influence on caregiver outcomes and to target these appropriately. Thirdly, inter-
vention formats should be expanded to include caregivers and to address their thoughts, fears
and behaviours. Many current interventions focus on improving depressive symptoms/anxiety
and quality of life only for patients [93,94]. To date, few intervention studies in heart failure
patient-caregiver dyads have been tested [7,14]. Further research is needed to explore the com-
plexity of interpersonal relationships and dyadic effects in heart failure. Research which
includes covariates in the model, i.e. age, gender, occupation, length of partnership could lead
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to a deeper insight. Research is also needed evaluating the relationship of emotional symptoms
and health-related QoL over time, using the APIM.
7. Conclusions
This study found no statistically significant differences in the levels of emotional symptoms
and health-related QoL between heart failure patients and their caregivers. The study provides
valuable insights regarding the actor effects of the individual (i.e. patients and caregivers) emo-
tional symptoms on their own health-related QoL. It identifies the partner effects of caregiver’s
emotional symptoms i.e. anxiety, phobic anxiety obsession-compulsion, depression and hostil-
ity on their partner’s (i.e. the patient’s) health-related QoL. This suggests the patient may be
particularly vulnerable to the emotional distress i.e. thoughts, impulses and actions of their
caregiver. If the caregiver is emotionally distressed this can affect their ability to support the
patient. It may be possible to improve patients’ health-related QoL by targeting specific detri-
mental emotional symptoms of caregivers.
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